Background: The influence of body mass index (BMI) change during adulthood on the development of oesophageal squamouscell carcinoma (ESCC) is unknown.
According to 2012 data, oesophageal cancer is the eighth most common cancer and sixth leading cause of cancer-related death worldwide (Ferlay et al, 2015) . Among Asian populations, the predominant histological type is oesophageal squamous-cell carcinoma (ESCC), which is distinct from the other major type, oesophageal adenocarcinoma, in terms of aetiology and epidemiology. To date, established primary risk factors for ESCC are smoking, alcohol abuse, and low fruit/vegetable intake (Engel et al, 2003; Bahmanyar and Ye, 2006) . Results for other possible risk factors, such as low socioeconomic status, hot beverage drinking, and poor oral hygiene, have been less convincing (Taylor et al, 2003; Abnet et al, 2005; Pennathur et al, 2013) .
Excess body mass index (BMI), especially obesity, has long been identified as a risk factor for many adverse health outcomes, including cancers at many sites (Bianchini et al, 2002; Yang et al, 2009; Kruk, 2014) . For ESCC, however, the opposite risk pattern has been consistently observed among different populations, albeit to a varied extent (Resl and Zouhar, 1983; Engeland et al, 2004; Tran et al, 2005; Smith et al, 2008; Lahmann et al, 2012) . These studies imply an intriguing and seemingly robust inverse association between BMI and ESCC development. However, given that weight loss might itself owe to latent cancer (early symptom of undiagnosed ESCC) and the fact that analysis using BMI at an early age (e.g., 20 years; Lahmann et al, 2012) did not show similar results, it remains unclear whether increased BMI does in fact protect against the development of ESCC. Moreover, considering that BMI naturally varies with age, estimates derived from cross-sectional anthropometric assessment (i.e., weight and height measured at a single time point) are deemed inaccurate, impending further application to risk stratification. In addition, insights into the relationship between patterns of BMI change and ESCC risk might aid understanding of the mechanisms underlying the observed BMI-related effects.
Here, using a large prospective population-based cohort study in Japan with up to four self-reported BMI measures (at age of 20 years, baseline interview, as well as at 5 and 10 years of follow-up), we evaluated the association of BMI and changes in BMI during adulthood with the risk of developing ESCC among a Japanese population.
MATERIALS AND METHODS
Database and study design. Our project was based on the use of data from the Japan Public Health Center-based Prospective Study (JPHC Study), which enrolled 140 420 registered residents aged 40-69 years within 11 public health centre (PHC) areas nationwide from 1990 to 1994. Among 112 890 participants (response rate 81%) with available baseline questionnaire information, 80% and 76% have updated data from the fifth and tenth year of follow-up, respectively. Details of this study have been described elsewhere (Tsugane and Sawada, 2014) . For each survey, comprehensive information regarding personal and family medical history, lifestyle, psychosocial factors, and anthropometric indexes was collected using a self-administrated questionnaire.
In the present study, we recruited participants who responded to the baseline survey (Figure 1 ). We excluded subjects with a selfreported history of cancer (n ¼ 2539) and those who died or moved out of the study area (n ¼ 86) before baseline enrollment (study entry, defined as the date of submission of the baseline questionnaire). We further excluded 29 subjects with missing values for baseline BMI, as well as the 6988 subjects from the Katsushika health centre, for whom cancer incidence data were not available. Finally, 103 238 participants were recruited to the study cohort. Follow-up for these subjects continued until first cancer diagnosis, moving out of the study area, death, or the end of follow-up (2012-12-31), whichever occurred first. This study was approved by the institutional review boards of the National Cancer Center and the University of Tokyo.
Anthropometric data. All participants were required to report their height and current weight at baseline. Updated data on weight was also available for most of those who responded to the 5-/10-year follow-up surveys. In addition to weight at the time of interview, the baseline questionnaire collected in 1990 (JPHC cohort I) requested participants to classify their change in weight since age 20 years into three groups: decreased 45 kg, varied within 5 kg, or increased 45 kg. Participant's weight at age 20 years was obtained in the questionnaire collected at baseline in 1993/1994 (JPHC cohort II) or at the 10-year follow-up (for those without such information at the baseline survey).
We calculated BMI values by dividing weight in kilograms (kg) by height in metres (m) squared and categorised results according to the international classification in the World Health Organisation guideline (BMI level: underweight o18.5, , and obesity X30 kg m À 2 ).
Cancer case ascertainment. Cancer cases were captured through data linkage with cancer registries and/or notification from local hospitals in the study areas. We identified ESCC using the International Classification of Disease for Oncology, Third Edition (ICD-O-3) code 'C15' with histology code 8050-8084 (WHO, 2000) .
Statistical analysis. As weight loss is itself an early symptom of ESCC, we excluded the first 5-year follow-up and events detected during this period from all analyses (5-year lag time). The relative risk of having an ESCC diagnosis in relation to BMI was estimated with a Cox regression model, expressed as hazard ratio (HR) with 95% confidence intervals (CIs). We used time since study entry as the underlying timescale. The model was adjusted for age at entry, gender (female/male), smoking status (never, former, or current smoker), alcohol consumption (never, rare, o23, 23-46, 47-69, 70-92, or cancer (yes/no), and stratified by PHC area. We evaluated ESCC risk associated with BMI level at baseline, BMI level at age 20 years, and BMI change between age 20 years and baseline separately. Change in BMI was first grouped according to the way defined in the Cohort I baseline questionnaire (decreased 45 kg, varied within 5 kg, or increased 45 kg). We then further quantified the change in BMI by percentage (%) per 5 years, adding it to the Cox model as either a continuous variable or category by quartile. For categorical variables, we always treated the subgroup representing the most natural condition (i.e., normal BMI level, varied within 5 kg, or the second quartile of BMI change over time) as the reference group. P-values for linear trends were calculated by assigning ordinal variables for gradually increased BMI level/ change in BMI and entering the number as a continuous variable into the model. We checked the proportional hazards assumption graphically and using Schoenfeld partial residuals, and no indication of violation was seen.
Furthermore, among subjects with valid BMI at baseline and age 20 years, 80.2% had at least one re-evaluation of BMI in either the fifth or tenth year of follow-up, and 67.9% had re-evaluation in both follow-ups. To handle these updated BMI information (if any), we fitted a simple linear regression model for each individual using age as exposure and BMI change in percentage ((BMI at age of interview À BMI at age of 20 years)/BMI at age of 20 years) as outcome. The slopes ( Â 5, indicating change in BMI in % per 5 years) in these regressions were used as measures of BMI change in a time-varying Cox regression model, in which the updated slope value replaced the old one after the date of follow-up data collection. Again, to ensure the irrelevance of BMI changes to latent ESCC, updated BMI information in the 5 years preceding an ESCC diagnosis was discarded for the time-varying analysis.
We next conducted a subgroup analysis by BMI level at baseline (o or X25 kg m À 2 ), gender, smoking status, and alcohol consumption level to detect possible effect modification. In particular, to minimise residual confounding, the degree of smoking (by pack-years) and alcohol consumption (by g per week) was considered in subanalyses focussing on smokers and alcohol drinkers. The significance of the interaction was statistically checked by involving the cross-product terms of BMI and subgrouping variables into the models.
Finally, given our specific concern about missing BMI data at age 20 years (16.7% of all analysed participants) and consequent analysis of BMI change with incomplete data sets, we performed a sensitivity analysis based on multiple imputation using the multivariate normal distribution method (SAS statistical software, version 9.4, SAS, Cary, NC, USA, PROC MI). Besides the imputed variable (BMI change in % per 5 years), the imputation models included all covariates that were possibly predictive of the missing data, together with the outcome variable (ESCC) and exposure time variable (person-years at risk) (Sterne et al, 2009) . We created 20 imputed data sets. Pooled estimates from multiple imputation analyses were then compared with results from complete case analyses (our main analysis of BMI change) to reflect the uncertainty associated with the imputed variable.
All analyses were conducted using SAS statistical software, version 9.4 (SAS). A P-value o0.05 was considered statistically significant.
RESULTS
After excluding the first 5 years of follow-up, 96 331 subjects were eventually included in the analysis, contributing a total of 1 278 448 person-years at risk. Table 1 displays the basic characteristics of these subjects and their distribution among different baseline BMI groups. Mean age at study entry was 53 years. There was an overall predominance of women (male: female ¼ 1:1.14). Alcohol consumption was more frequent among persons with a normal BMI at baseline compared with other baseline BMI groups, while the proportion of current smokers notably declined with increased BMI. In addition, we observed a relatively high proportion of unfavourable life profiles among underweight participants, that is, low vegetable/fruit consumption amount, unemployment, and physical inactivity, whereas these factors were more comparable for all other BMI level groups.
During follow-up, 342 participants, including 37 females, received a diagnosis of ESCC. Table 2 illustrates the distribution of ESCC cases across different BMI level groups along with adjusted HRs for between-group comparisons using Cox regression models. Intriguingly, using a normal BMI level as reference, the hazards for ESCC increased (albeit not significantly) with higher BMI level at age 20 years (P for trend ¼ 0.0032) but conversely decreased with elevated BMI level at age of interview (P for trend ¼ 0.0013). Owing to a limited number of ESCC cases, these trends were less clear for females.
With regard to the change in weight/BMI between age 20 years and baseline interview, we generally found that an increase in weight or BMI was consistently linked with lower ESCC incidence (Table 3 ). This dose-response relationship was most obvious when BMI change was measured as a continuous variable (% per 5 years). Time-varying analyses that allowed the adjustment of slope (rate of change in BMI) by follow-up estimates obtained closely similar results as the baseline analysis -the adjusted HRs was 0.85 (95% CI 0.79-0.91) for BMI change between age 20 years and baseline, which then altered to 0.86 (95% CI 0.81-0.92) when follow-up BMI data were taken into account. On further stratification by gender, with variation in effect sizes, identical trends were observed among both males and females (Table 3) .
Notably, on stratification by BMI level at baseline, these results above remained valid only for participants with a BMI of o25 kg m À 2 at baseline. In contrast, for overweight or obese subjects, underweight at age 20 years was significantly associated with a threefold increase in ESCC risk compared with those with a normal BMI when young (Table 4) . Likewise, the importance of BMI change during adulthood seemed to be obscure in the case of subjects who had reached 'overweight' at the time of baseline interview.
With regard to smoking status, although point estimates of BMI showed mixed effects on ESCC risk between subgroups, BMI changes measured by the defined unit (% per 5 year) consistently indicated adverse associations between BMI change and ESCC risk (Supplementary Table 1 ). Stratification of alcohol consumption (non-drinker, low level (o46g day À 1 ), or high level (X46g day À 1 ) alcohol drinker) did not modify the results observed in the main analyses (Supplementary Table 2) .
Results of sensitivity analyses, in which missing data on BMI change between the age of interview and age 20 years were handled by multiple imputation, were closely similar to those of the main analysis: an increase of one defined unit (% per 5 years) in BMI was linked with a 14% lower risk of having an ESCC diagnosis (HR ¼ 0.86, 95% CI 0.79-0.93); grouped by quartile, compared with the second quartile (BMI changed from 0 to þ 1.36% per 5 years), the first (o0%), third (from þ 1.37 to þ 3.0% ), and fourth (4 þ 3.0% ) quartile group corresponded to HRs of 1.19 (95% CI 0.88-1.60), 0.75 (95% CI 0.53-1.08), and 0.59 (95 CI% 0.38-0.94), respectively.
DISCUSSION
Only until recently, studies of BMI and cancer incidence attempted to use longitudinal data on weight for association assessment (Han et al, 2014; Arnold et al, 2016) . However, owing to the low incidence of oesophageal cancer, particularly ESCC, among western populations, most western cohorts are not capable of addressing the question of whether ESCC risk is related to BMI change during adulthood (Han et al, 2014; Arnold et al, 2016) . Our research, the first large population-based cohort study that assessed ESCC risk using up to four self-reported BMI measures among 103 238 participants with an average follow-up of 13 years, indicates that while BMI at recruitment was inversely associated with ESCC risk, BMI level at a young age showed the opposite effect. Nevertheless, when focussing on the effects of BMI change during adulthood, an increase in BMI was consistently associated with a decreased risk of ESCC among this non-overweight Japanese population. Given the application of 5-year lag time for all analyses, the completeness of covariate information, as well as rigorous control for other important risk factors such as smoking status or alcohol consumption, the observed associations in our study cannot be explained by either reverse causality or confounding. Further corroborating the validity and reliability of our findings, sensitivity analyses that effectively managed missing data on BMI change using multiple imputation procedures showed closely similar results to those of the main analysis. The biological mechanisms of the inverse association between BMI change during adulthood and ESCC development remains unknown. Among many plausible interpretations, poor long-term nutritional status, for which a decrease in BMI can be considered a proxy, might be noteworthy. Unfortunately, dietary data reflecting nutritional condition at a young age are scarce. Previous prospective investigations using cross-sectional dietary intake information collected at the time of participant enrollment found no supportive evidence for an association between fat or protein intake and ESCC risk (Fan et al, 2008; O'Doherty et al, 2012) . In contrast, other case-control studies suggested a reduced risk of ESCC among subjects with high intake of carbohydrate (Jessri et al, 2011; Lahmann et al, 2014) or fresh fish (Launoy et al, 1998) . These findings need to be verified by prospective data. Alternatively, the pleiotropic capacities of genetic factors (Hu et al, 2016) , namely, shared and multifunctional genes and pathways, may contribute to the observed association. However, the change of BMI must be a joint consequence of genetic and environmental (including behavioural) factors; and in the present analyses, as we illustrated a clear temporal sequence, as well as a conspicuous dose-response relationship, between BMI change and ESCC risk, it is less likely the findings can be fully explained by genetic components. Further studies with available genetic data are highly needed.
The differential risk pattern detected using BMI at recruitment and BMI at age 20 years was in line with previous results (Park et al, 2011; Lahmann et al, 2012) . This indicates BMI measured closer to the appearance of event (i.e., ESCC) might be a better index for the aforementioned poor nutritional status, compared with BMI of younger age. Also, such differences may help explain the heterogeneity of effect sizes observed in previous observational studies, namely, as partly attributable to the various age ranges of study participants. Furthermore, with little prior knowledge, our results indicate that an increase in BMI of one defined unit (1% per 5 years) corresponds to a 15% decrease in the risk of ESCC, with the prerequisite of non-overweightness. This phenomenon, paralleling the finding of a U-shaped association between BMI and mortality among the aged (Tamakoshi et al, 2010; Winter et al, 2014) , may imply that weight gain with age, within a healthy range, is actually either beneficial to health or serves as a long-term indicator of a healthy body status.
Importantly, as our efforts of linearly modelling the timevarying rates of BMI change for individuals revealed almost identical results to those of our routine analyses, determining BMI change pattern by two-point assessments (age 20 years and the time of baseline interview) might be sufficient for ESCC risk stratification. In other words, waiting for updated assessment from follow-up surveillance is merely optional. Admittedly, the availability of additional age-specific BMI information from the baseline questionnaire (e.g., at age 20, 30, or 40 years) would allow the BMI trajectory to be tracked more accurately (such as using quadratic growth model; Arnold et al, 2016) . However, overuse of retrospective data can also jeopardise the observations by inducing substantial uncertainties owing to recall bias. In addition, expression of BMI change in concrete terms (using '% per year' as a unit) might help policy makers formulate policies and guidelines for weight management and ESCC risk stratification.
The major strengths of our study are its large sample size, prospective study design, high response rate, and sufficiently long follow-up period. The effectiveness of our measurements is ensured by the full consideration of the latent period of ESCCother studies used a latency period of 1 or 2 years prior to cancer diagnosis vs 5 years here -and the careful control of important confounders, particularly with regard to the degree/amount of smoking or alcohol drinking. Further, the robustness of our findings is supported by the consistent results across all three measures of BMI change, as well as the identical results obtained from multiple imputation analyses.
The possibility of measurement error when BMI values are calculated by self-reported weight and height is a concern. However, self-reported BMIs in the JPHC study were strongly correlated with measured BMIs, with Spearman correlation coefficients of 0.89 for males and 0.91 for females (Matsushita et al, 2008) . Additionally, many other large-scale surveys have also applied these self-reported parameters for exploring the association between BMI and oesophageal cancer risk (Abnet et al, 2008; Kort et al, 2009 ) .The possibility of recall bias when BMI at a young age (i.e., 20 years) is obtained retrospectively must be balanced against the strong practical difficulty of enrolling subjects into prospective Table 2 . Hazard ratios (HRs) and 95% confidence intervals (CIs) for oesophageal squamous-cell carcinoma in relation to body mass index, overall and stratified by gender Derived from Cox regression models, adjusted for age at entry, gender, smoking status, alcohol intake level, occupation, physical activity, living arrangement, fruit/vegetable intake level, and stratified by PHC area. We used time since study entry as the underlying timescale.
c Except for the 'missing' stratum.
surveillance for cancer incidence from such a young age. Further, another study involving BMI change curves using both retrospectively self-reported and prospectively measured BMIs showed only a marginal difference in results when the prospective data were analysed alone, partly proving the reliability of these retrospective data (Arnold et al, 2016) . Moreover, the nonresponse issue may have weakened the representativeness of the study population (Iwasaki et al, 2003) . However, given the high response rate and the fact that our studied association did not seriously differ by those factors with uneven distributed between participants and non-participants (e.g., gender, occupation), the internal validity of our findings appears solid. Finally, owing to differences in lifestyle and ESCC incidence, the generalisation of our results to other populations remains uncertain.
In summary, our results suggest that an increase in BMI during adulthood is associated with a lower risk of developing ESCC among non-overweight subjects. Additionally, as the direction and magnitude of the association between BMI and ESCC varies by age, measurement of BMI level at recruitment together with data describing BMI change during adulthood might provide more accurate estimates on the studied association. Derived from Cox regression models, adjusted for age at entry, gender, smoking status, alcohol intake level, occupation, physical activity, living arrangement, fruit/vegetable intake level, BMI level at time of baseline interview, and stratified by PHC area. We used time since study entry as the underlying timescale. We fitted a simple linear regression model for each individual, using age as exposure and BMI change in percentage ((BMI at age of interview À BMI at age of 20 years)/BMI at age 20 years) as outcome. The slopes ( Â 5, indicating change of BMI in % per 5 years) in these regressions were used as the measure of BMI change in a time-varying Cox regression model. Derived from Cox regression models, adjusted for age at entry, gender, smoking status, alcohol intake level, occupation, physical activity, living arrangement, fruit/vegetable intake level, BMI level at the time of baseline interview, and stratified by PHC area. We used time since study entry as the underlying timescale. The regression models measuring weight change also included BMI level at the time of baseline interview as a covariate. We fitted a simple linear regression model for each individual, using age as exposure and BMI change in percentage ((BMI at age of interview À BMI at age of 20 years)/BMI at age 20 years) as outcome. The slopes ( Â 5, indicating change of BMI in percentage per 5 years) in these regressions were used as the measures of BMI change in a time-varying Cox regression model.
